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The National Aeronautics and Space Administration (NAsA) is developing
the Advanced X-ray Astrophysics Facility (AXaF) to be one of the mainstays
of this nation’s space science program during the next decade. It is to be
used to investigate important questions such as the age and origin of the
universe.

We reviewed the status of the 1992 redesigned axar program to (1) assess
the reasonableness of NasA’s estimate of program costs and (2} determine
the extent to which the redesign will provide scientific returns comparable
to the original program. We recognize that a recent congressional direction
may affect a portion of this program, but the cost and technical impacts of
that decision are uncertain at this time. However, we believe the results of
our work in other segments of the program are still relevant.

This report was prepared pursuant to our statutory authority, not at the

committees’ request. It is intended fo provide a better understanding of the
implications of NAsSA’s decision to restructure the program.
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Background
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AXAF is to be the third in NASA’s series of four “great observatories.” It is to
complement the Hubble Space Telescope, which views objects in the
visible and ultraviolet bandwidth of the electromagnetic spectrum,! the
Compton Gamma Ray Observatory, and the yet-to-be-developed Space
Infrared Telescope Facility. These observatories are intended to provide
new data and insights for studies of the age, evolution, and composition of
the universe and its objects. The Congress authorized NAsA to begin
developing AXAF in fiscal year 1989.

Our 1992 report? on the program stated that (1) the program’s estimated
cost had increased by about 23 percent since it was first approved, (2) the
funding reserves had been used to offset additional increases, and (3) the
possibility existed that costs would increase further since NASA might
decide to launch AXAF on an expendable launch vehicle rather than on the
shuttle. We also reported that, while test results on the AXAF's outer
mirrors were encouraging, a number of significant challenges remained for
NASA to successfully launch and operate the observatory.

In 1992, Nasa concluded that AXaF, as then designed, was not affordable.
Budget cutbacks and the prospect of continued cost growth caused Nasa
to restructure the program. To reduce cost, NasA divided the program into
two separate satellites or missions. One satellite, AXAF-I (imaging), will
emphasize high-resolution x-ray imaging. Its instruments will include the
AXAF Charge Coupled Device Imaging Spectrometer, the High Resolution
Camera, the High Energy Transmission Grating® Spectrometer, and the
Low Energy Transmission Grating Spectrometer. AXar-I is currently
expected to be launched on the shuttle in September 1998. The other
satellite, AXAF-S, was to concentrate on high-energy, high-resolution
spectroscopy using the X-ray Spectrometer. NASA planned to develop
AXAF-S in-house at Marshall Space Flight Center by using civil service
personnel and limited contractor support. However, the Conference
Report accompanying NasA's Fiscal Year 1994 Appropriations Act indicates
a $19-million reduction in the spacecraft portion of Axar-S development
funding and directs NasA to include the spectrometer on the future
Japanese Astro-E mission. At the completion of our current review, Nasa
did not have a plan to implement this change.

'The electromagnetic spectrum is the entire array of energy wavelengths as a continuum, from gamma
rays to radio waves. The four obsetrvatories cover the spectrum from gamma rays to infrared.

2Space Projects: Status and Remaining Challenges of the Advanced X-ray Astrophysics Facility
(GAO/NSIAD-92-77, Feb. 28, 1992).

3Transmission gratings are devices that are used to bend x-rays in a predictable way, thereby enabling
scientists to determine the wavelength of the energy.
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Results in Brief

Program Cost Is
Uncertain
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By redesigning and dividing AXAF into two satellites, NASA was able to make
the program more affordable. The restructuring reduced estimated
program development and operating costs by 54 percent without
sacrificing much of the program’s science content. Revising the AXAF-S
program in accordance with the recent congressional action will further
reduce program costs by an undetermined amount.

Affordability for the AxAF-I portion of the program, however, may still be a
concern because funding reserves for this portion may be inadequate.
Also, Nasa may not have fully accounted for the increased technical risks
inherent in the new design. As currently designed, AXAF-I cannot be
repaired in orbit, which means that hardware failures could seriously
degrade or destroy the mission. Further reducing the risk of hardware
failures would require the highest quality parts and rigorous testing, which
would increase costs significantly.

NASA expects the restructured program to achieve most of the original
science objectives established for axar. The objectives should be achieved
because, owing to a higher orbit for Axar-I and greater individual use of
instruments, the satellites would operate more efficiently than the
originally planned single satellite.

In February 1992, before the program was restructured, NASA estimated
that AXAF would cost about $5.6 billion to develop and operate. In
September 1993, NasA estimated the total cost to be about $2.6 billion—a
b4-percent reduction. (See table 1 for a comparison of the estimates before
and after NAsA restructured the program.) Officials told us that the fiscal
year 1994 appropriations conferees directed Nasa to terminate the
spacecraft part of AXAF-S, and that action will further reduce the program'’s
cost, but the officials have not yet determined the amount of the reduction.
Consequently, the amounts shown in the table do not include changes that
may result from the fiscal year 1994 congressional action. For example,
one change would eliminate the planned Delta II launch for AXAF-S (about
$58 million).
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Table 1: February 1992 and
September 1993 Cost Estimates

Funding Reserves
May Be Inadequate

Dollars in millions

Feb. 1992 Sept. 1993

Cost element estimate® estimate? Difference
Advanced technology

development $ 54 $ 54 0
Development 2,000 1,773 $(227)
Mission operations and

data analysis 3,325 529 (2,796)
Launch support 145 226 81
Tracking and data

support 55 2 (53)
Construction of

facilities 18 18 0]
Total $5,597 $2,602 $(2,995)

aNeither estimate includes costs for civil service personnel.

Most of the $2,995 million decrease {about $2.8 billion) is attributed to a
change in operating concepts. Under the original design, NASA planned to
operate AXAF for 15 years and to maintain and service it in orbit using the
shuttle. Under the new design, the life expectancy of the satellites was
reduced to about 5 years and Nasa does not plan to service the sateilites.
Design changes such as reducing the number of mirrors and science
instruments account for most of the remaining reduction.

While the 1992 redesign decision and recent congressional action will
significantly reduce estimated costs, affordability may still be a concern in
AXAF development. Our analysis of funding focuses on AXAF-I because,
given the recent congressional action, NASA has no current estimate of the
AXAF-S’s cost.

NASA’s cost estimate to develop AXAF-] includes reserves to cover
contingencies and programmatic changes that may occur during the
development program. The level of reserves that NAsa includes in program
cost estimates varies from program to program and depends on the
amount of uncertainty and risk of the particular program. However, in past
reviews, NASA cost estimating officials have stated that in complex
programs, prior to the critical design review, funding reserves should
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Technical Risk
Remains a Question

equal about 30 percent of development costs. As of October 1993, NASA’s
estimate for AXAF-I included $197.3 million in reserves—about 21 percent
of the remaining estimated development cost.

Some of the AXAF-I reserves have already been earmarked to fund certain
activities. For example, NaSA forecasts a high probability (60 to 90 percent)
that contractor overhead and general and administrative rates will
increase and estimates that the increase could consume over 10 percent of
the total available reserves.

In addition, most of the reserves are allocated toward the end of the
redesigned observatory’s 7-year development effort. About 70 percent of
AXAF-I's remaining reserves are earmarked for use in the last 3 years of the
development effort. Consequently, the program must be managed using
minimal amounts of reserve funding in the early years of development.
During NasA's fiscal year 1993 oversight hearings, the NASA Administrator
testified that the greatest demand for reserve funds normally occurs early
in a program’s development. If adequate reserves are not available when
needed, schedule slips and higher costs will likely result.

Under nNasa’s redesigned concept, neither of the satellites would be
serviceable in orbit, meaning technical problems that cannot be corrected
through ground communications could degrade or destroy the mission.
NASA may not have fully accounted for this risk.?

The risks associated with the inability to service AXaF-I are clearly
illustrated by NasA’s experience with the first two observatory missions.
The Hubble Space Telescope required at least one servicing mission to
correct problems discovered after it was deployed, and the Compton
Gamma Ray Observatory experienced problems both during and after
deployment. It required an unscheduled spacewalk by two shuttle
astronauts to properly deploy an antenna, and it has since experienced
failures in two data recorders and degradation in onboard batteries.

NASA categorizes its payloads in terms of the risk it is willing to assume. All
payloads are assigned to one of four categories, ranging from A to D,

4See Space Transportation: NASA Has No Firm Need for Increasingly Costly Orbital Maneuvering
Vehicle (GAO/NSIAD-90-192, July 31, 1990); Space Projects: Status and Remaining Challenges of the
Advanced X-ray Astrophysics Facility (GAO/NSIAD-92-77, Feb. 28, 1992); and NASA Program Costs:
Space Missions Require Substantially More Funding Than Initially Estimated (GAO/NSIAD-9397,
Déc. 31, 1992).

A3 a consequence of the recent congressional action, our analysis relates only to AXAF- risk.
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Redesigned
Observatories Are to
Provide Significant
Science

based on assessments of the consequences of mission failure. Factors
such as cost, complexity, mission priority, and degree of acceptable risk
are weighed in deciding upon a design approach. Payloads assigned the
highest classification are considered to have the highest priority and cost.

Despite its high priority and cost, NAsA classified the original AXAF as a
class B payload. In making this determination, NASA noted that AxaF would
operate in a low-earth orbit where it could be serviced by the shuttle. The
classification permits the use of less costly components and a lower level
of testing than is required for a class A payload. NAsA has not changed the
payload classification for the imaging mission even though it will no longer
be accessible to the shuttle for in-orbit repair.

Upgrading AxAr-I's classification could result in significant programmatic
and cost impacts. For example, only the highest quality parts would be
used in the system’s design, a complete set of flight spare replacement
units could be required, and more stringent qualification testing would
have to be performed. The Chief of the Payloads Assurance Office
estimated that these changes could increase Axar-I's development cost by
one third to one half. The changes could also delay completion of the
development program.

In September 1992, the National Research Council was asked to evaluate
the scientific content and return of the restructured program. In an

April 28, 1993, report, the task force assigned to the review reported that
the restructured program “. . . maintained essentially all of the outstanding
scientific capabilities of the baseline mission.” The task force concluded
that the program was capable of being the “. . . centerpiece of international
efforts in x-ray astronomy for the foreseeable future.” AXAF-I is expected to
achieve a greater angular resolution than any prior x-ray mission. This
improvement should make it possible to resolve and distinguish between
energy sources, such as neutron stars and quasars, at greater distances
and in closer proximity to each other than ever before.

The council has remained steadfast in its support for the program. In 1982
and 1991, the council’s astronomy and astrophysics committees
recommended new ground- and space-based programs for development.
The committees considered large and expensive development efforts, as
well as smaller, more focused experiments. Both committees strongly
recommended AXAF.
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NASA plans to place axar-I into a high-earth elliptical orbit at a minimum
altitude ranging from 10,000 to 100,000 kilometers. The original AXAF
design provided for a low-earth orbit of about 600 kilometers. In a
low-earth orbit, the earth would periodically obstruct the observatory’s
view of a target, which, in turn, would require NasA to repoint the antennas
and reacquire the target. According to Nasa, the higher orbit would
eliminate this problem for most targets. (See fig. 1 for depiction of orbital
viewing efficiencies.)
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Figure 1: AXAF Orbital Viewing Efficiency

Old AXAF Orbit

In the old AXAF orbit (600 km altitude), loss of
viewing time is dus primarily to:

« Fraquent blockage of target by earth
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New AXAF Orbit
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In addition, the new design would permit more efficient use of the science
instruments. This approach separated the imaging mission from the
primary spectroscopy mission, and eliminated one spectrometer. This
would have meant that all of the remaining instruments could be used for
longer periods of time, and simultaneous imaging and spectroscopic
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Recommendation

Agency Comments

Scope and
Methodology

observations could be made. As a result, more observations per unit of
viewing time would have been possible.

NASa officials told us the Fiscal Year 1994 Appropriations Conference
Committee’s direction to fly the X-ray Spectrometer on Astro-E (the
Japanese mission) could affect the instrument’s performance as well as
the potential for simultaneous viewing of cosmic events. According to
AXAF-S program management officials, instrument weight, life expectancy,
spacecraft orbit, launch date, proprietary use of science data, and number
of instruments to be flown on the satellite could affect the scientific return
from the X-ray Spectrometer. According to the officials, if Astro-E is used
to launch the spectrometer, each of these matters will be subject to
negotiation with Japan. Therefore, NasA has not determined the impact of
this redirection on the program’s science capabilities.

We recommend that the NAsA Administrator review the AXar-I development
program to determine whether (1) funding reserves are realistic in light of
the program’s uncertainty and risk and (2) the axar-I payload classification
is prudent given the complexity, costs, and lack of repair capability
inherent in the new design.

Nasa found our report to be accurate and clear and agreed with our
recommendations. NASA's detailed comments are reprinted in appendix L

We analyzed budget submission documentation, cost estimates, briefing
reports, legislative language, project planning documents, and technical
studies at Marshall Space Flight Center and NAsA headquarters. We then
discussed cost and performance issues with program management,
engineering, quality assurance, and procurement officials.

To assess the reasonableness of the cost estimates, we compared the
detailed cost breakouts of the original and restructured programs,
identified significant differences, verified the accuracy of NASA’s
calculations when possible, and discussed NASA’s position with program
and project management officials. We also assessed the adequacy of
funding reserves by (1) comparing the reserve totals as allocated by year
to a generally accepted standard for similar development programs,

(2) analyzing known programmatic requirements, (3) identifying potential
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additional costs unaccounted for in the overall estimate, and (4) obtaining
NASA’s position relating to funding adequacy.

To determine the scientific capabilities of the two redesigned satellites, we
compared the major performance characteristics of the original design
with those projected for the new design. We then identified the types and
amount of scientific investigations possible under the new design. We also
analyzed internal studies and policies regarding technical and
programmatic risks giving particular attention to the lack of serviceability
in the new design.

We performed our review from December 1892 through November 1993 in
accordance with generally accepted government auditing standards.

We are also sending copies of this report to the Administrator, NAsa; other
appropriate congressional committees; the Director, Office of
Management and Budget; and other interested parties,

Please contact me at (202) 512-8412 if you or your staff have any questions

concerning this report. The major contributors to this report are listed in
appendix IL

Donna M. Heivilin, Director
Defense Management and Nasa Issues
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Appendix I

Comments From the National Aeronautics

and Space Administration

NASA

National Aeronautics and
Space Administration

Washington, D.C
20546

Office of the Administrator

JAN 4 19

Mr. Frank C. Ccnahan

Assistant Comptroller General

National Security and International Affairs
General Accounting Office

Washington, DC 20548

Dear Mr. Ccnahan:

Thank you for the opportunity te comment on your draft
report “"Astrophysics Facility Program Contains Cost and
Technical Risks." We have reviewed your draft and found it to
be accurate in its reporting of facts and clear in describing
the ratiocnale used for deriving inferences from these facts.

In 1992, the Advanced X-ray Astrophysics Facility (AXAF)
program faced a tightening budget environment with the need to
do more for less. When we approved the restructured AXAF
program in 1992, we put into place fundamental changes as to
how we were going to conduct this program. We are pleased
that the report acknowledges that AXAF life-cycle costs have
been cut by more than half without sacrificing much of the
program's science content. However, it is entirely
appropriate to revisit the issues raised in your draft report.
NASA shall review the Advanced X-ray Astrophysics Facility-
Imaging (AXAF-I) development program to determine the adequacy
of reserves and the appropriateness of the payload
classification.

Sincerely,

J.

y Administrator
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Nation al Qe curity an d David R. Warren, Associate Director
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